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BEAMFORMING METHOD, BEAMFORMING
APPARATUS, AND MEDICAL IMAGING
SYSTEM PERFORMING THE
BEAMFORMING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2011-0120315, filed on Nov. 17, 2011, in the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n 1ts entirety by reference.

BACKGROUND

1. Field

Apparatuses and methods consistent with exemplary
embodiments relate to a beamforming method, a beamiorm-
ing apparatus, and a medical imaging system performing the
beamforming method.

2. Description of the Related Art

A medical imaging system may use a fixed beamiorming
technique or an adaptive beamforming technique. The fixed
beamforming technique uses a Hamming window or a Han-
ning window, regardless of an input signal, and corresponds
to data-independent beamforming. The adaptive beamiorm-
ing technique uses a beamforming coetlicient according to an
input signal, and corresponds to data-dependent beamiorm-
ing.

SUMMARY

According to one or more of exemplary embodiments, a
beamforming method, a beamiorming apparatus, and a medi-
cal imaging system performing the beamforming method to
generate a high-definition diagnostic image.

According to one or more of exemplary embodiments, a
non-transitory computer-readable recording medium has
recorded thereon a program for executing the beamforming,
method, by using a computer.

According to an aspect of an exemplary embodiment, a
beamforming apparatus includes a storage which stores a
plurality of basis vectors obtained from beamiorming coetfi-
cients of previously-measured echo signals; a weight calcu-
lator which calculates weights to be applied to echo signals
reflected from a target, by using the plurality of basis vectors;
and a synthesizer which applies the weights to the echo sig-
nals reflected from the target, and synthesizes the echo signals
to which the weights are applied.

According to another aspect of an exemplary embodiment,
a medical imaging system includes a beamforming apparatus
which calculates weights to be applied to echo signals
reflected from a target, by using a plurality of basis vectors
obtained from beamforming coellicients of previously-mea-
sured echo signals, applies the weights to the echo signals
reflected from the target object, and synthesizes the echo
signals to which the weights are applied; and a diagnostic
image generator which generates a diagnostic image by using
signals output from the beamforming apparatus.

According to another aspect of an exemplary embodiment,
a beamiorming method includes operations of calculating
weights to be applied to echo signals reflected from a target,
by using a plurality of basis vectors obtained from beamform-
ing coelficients of previously-measured echo signals; and
applying the weights to the echo signals reflected from the
target, and synthesizing the echo signals to which the weights
are applied.
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According to another aspect of an exemplary embodiment,
a method includes perations of obtaining basis vectors from
beamiorming coelficients of previously-measured echo sig-
nals; storing, 1n a storage, a number r of the obtained basis
vectors, the number r being greater than or equal to 1; pro-
jecting echo signals reflected from a target on the basis vec-
tors; calculating weights based on the echo signals projected
on the basis vectors; applying the weights to the projected
echo signals; and synthesizing the weighted echo signals.

According to another aspect of an exemplary embodiment,
there 1s provided a computer-readable recording medium
having recorded thereon a program for executing the beam-
forming method, by using a computer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects will become apparent by
describing certain exemplary embodiments, with reference to
the accompanying drawings, in which:

FIG. 1 1s a diagram of a beamiorming apparatus according,
to an exemplary embodiment;

FIGS. 2A and 2B illustrate examples of eigenvectors and
basis vectors, according to an exemplary embodiment;

FIG. 3 1s a diagram 1illustrating the beamforming apparatus
according to an exemplary embodiment;

FIG. 41s a diagram of a medical imaging system, according
to an exemplary embodiment; and

FIG. 5 1s a flowchart 1llustrating a beamforming method,
according to an exemplary embodiment.

DETAILED DESCRIPTION

Certain exemplary embodiments are described in greater
detail below with reference to the accompanying drawings.

In the following description, like drawing reference numer-
als are used for the like elements, even 1n different drawings.
The matters defined 1n the description, such as detailed con-
struction and elements, are provided to assist in a comprehen-
stve understanding of exemplary embodiments. However,
exemplary embodiments can be carried out without those
specifically defined matters. Also, well-known functions or
constructions are not described in detail since that would
obscure the mvention with unnecessary detail.

FIG. 1 1s a diagram of a beamiorming apparatus 100
according to an exemplary embodiment. Referring to FIG. 1,
the beamforming apparatus 100 includes a storage 110, a
weight calculator 120, and a synthesizer 130.

FIG. 1 1llustrates the elements of the beamiorming appa-
ratus 100 which are related to describing the present exem-
plary embodiment. However, the beamforming apparatus 100
may further include other elements 1n addition to the elements
shown 1n FIG. 1.

For example, the weight calculator 120 and the synthesizer
130 in the beamforming apparatus 100 of FIG. 1 may be
implemented by one or more processors. The processor may
be embodied as an array of a plurality of logic gates, or as a
combination of a general-use microprocessor and memory
storing programs to be executed by the general-use micropro-
cessor. However, the processor may be embodied based on
other appropriate hardware.

The beamiforming apparatus 100 forms a reception beam
by using an echo signal reflected from a target or an object.
For example, the target may include the abdomen, the heart,
and the like of a human body, and the echo signal may be an
ultrasonic signal retlected from the target, but are not limited
thereto.
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The storage 110 stores a plurality of basis vectors obtained
from a beamforming coellicient of a previously-measured
echo signal. The beamforming coetlicient may be a weight to
be applied to each channel or each sub-array. The channel
may be a transducer that recerves an echo signal, and the
sub-array may indicate a sub-aperture that includes a plurality
of the transducers, but are not limited thereto.

The previously-measured echo signal may be an echo sig-
nal reflected from a predetermined target, which may be the
same as the target with respect to the echo signal to which
beamforming 1s currently performed by the beamiorming
apparatus 100, but 1s not limited thereto.

For example, the storage 110 may store the basis vectors
that are obtained by performing a principal component analy-
s1s (PCA) on the beamforming coellicient of the previously-

measured echo signal.

In more detail, the beamforming coellicient of the previ-
ously-measured echo signal may be calculated for each chan-
nel or each sub-array according to a mimimum variance tech-
nique. For example, the beamiforming coefficient that 1s
calculated according to the minimum variance technique may
be an optimal weight.

By performing the PCA by using a variance of the beam-
forming coetlicient calculated according to the minimum
variance technique, a plurality of eigenvectors may be
obtained, and some of the obtained eigenvectors may be
stored 1n the storage 110, as the basis vectors.

For example, the basis vectors stored in the storage 110
may correspond to the predetermined number of vectors
according to an order of larger eigenvalues from among the
cigenvectors obtained by performing the PCA. A user may
determine the number of basis vectors to be stored in the
storage 110, and the determined number of basis vectors may
be stored in the storage 110. The user of the beamiorming,
apparatus 100 may be a medical stail including doctors,
nurses, medical 1image technicians, and the like, but are not
limited thereto and, thus, may include a designer of the beam-
forming apparatus 100, or the like.

The eigenvectors and the basis vectors that are obtained by
performing the PCA will be described in detail with reference
to FIGS. 2A and 2B.

The storage 110 1s a general storage medium including a
hard disk drive (HDD), a read-only memory (ROM), a ran-
dom access memory (RAM), a flash memory, and/or a
memory card.

The weight calculator 120 calculates a weight to be applied
to the echo signal retlected from the target, by using the basis
vectors stored in the storage 110. The weight calculated by the
weilght calculator 120 may be used as a parameter that forms
an apodization function. For example, the echo signal
reflected from the target may be radio frequency (RF) data.

The weight calculator 120 may calculate the weight by
using all of the basis vectors stored 1n the storage 110, or
alternatively, the weight calculator 120 may calculate the
weight by using a predetermined number of basis vectors
according to a user’s determination.

For example, the echo signal that 1s used by the weight
calculator 120 to calculate the weight may be an echo signal
to which a time delay value for beamforming 1s applied, but 1s
not limited thereto. The time delay value for beamiorming,
may be a time delay value for compensating for an error due
to a distance between a focal point and the transducer.

An example below corresponds to a case in which the echo
signal reflected from the target 1s received by M channels, but
1s not limited thereto and, thus, the echo signal reflected from
the target may be recerved by M sub-arrays.
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The weight calculator 120 may calculate the weight to be
applied to the echo signal retlected from the target, by using a
predetermined number, less than M, of the basis vectors from
among the basis vectors stored 1n the storage 110.

In more detail, the weight calculator 120 may project the
echo signal reflected from the target to each of the basis
vectors stored in the storage 110, and may calculate the
weight by using the projected echo signal. This will be

described in detail with reference to the weight calculator 120
of FIG. 3.

As described above, since the weight calculator 120 calcu-
lates the weight by using the echo signal projected to the basis
vectors, a dimension of the echo signal 1s decreased, so that
the computational amount with respect to the calculation of
the weight may be substantially decreased.

The synthesizer 130 applies the weight, which 1s calculated
by the weight calculator 120, to the echo signal reflected from
the target, by using the basis vectors stored 1n the storage 110,
and synthesizes signals to which the weight 1s applied. For
example, the synthesizer 130 may apply the weight to the
echo signal to which the time delay value for beamforming is
applied and which 1s projected to the basis vectors.

The synthesizer 130 may apply the weight to the echo
signal by using all of the basis vectors stored in the storage
110, or alternatively, the synthesizer 130 may apply the
weight to the echo signal by using a predetermined number of
basis vectors according to a user’s determination.

For example, the synthesizer 130 may apply a weighted
sum with respect to all or some of the basis vectors to the echo
signal reflected from the target. In this case, weights for
applying the weighted sum with respect to the basis vectors
may correspond to the weights calculated by the weight cal-
culator 120.

For example, the synthesizer 130 synthesizes the signals to
which the weight 1s applied. The synthesizer 130 may output
the reception beam formed according to a result of the syn-
thesis of the signals to which the weight 1s applied.

For example, the synthesizer 130 may sum the signals to
which the weight 1s applied, thereby forming one reception
beam. By summing the signals to which the weight 1s applied,
the synthesizer 130 may estimate an ultrasonic signal
reflected from the focal point.

Accordingly, the beamforming apparatus 100 may form
the reception beam for generating a high-resolution diagnos-
tic 1mage while the computational amount 1s substantially
decreased.

FIGS. 2A and 2B illustrate examples of eigenvectors and
basis vectors, according to an exemplary embodiment. In
FIG. 2A, a graph 21 indicating the eigenvectors 1s 1llustrated.
In FIG. 2B, a graph 22 indicating the basis vectors 1s 1llus-
trated.

For convenience of description, in FIGS. 2A and 2B, 1t 1s
assumed that a PCA 1s performed by using beamiorming
coellicients with respect to 64 channels calculated according
to a minimum variance technique, and 40 basis vectors are
stored 1n the storage 110. However, an exemplary embodi-
ment 1s not limited thereto.

The graph 21 indicating the eigenvectors shows a result
obtained by performing the PCA on the beamforming coet-
ficients with respect to 64 channels. Referring to the graph 21,
the eigenvectors that are generated according to a result of the
PCA are arranged 1n order, according to a decreasing magni-
tude of eigenvalues. For example, a first eigenvector, whose
eigenvector mdex 1s 1, has a maximum eigenvalue. As an
index of each eigenvector 1s increased, a corresponding
eigenvalue 1s decreased.
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The graph 22 indicates 40 basis vectors. The graph 22
shows first through 40th eigenvectors whose eigenvector
indexes are equal to or less than 40 and which are selected
from among the eigenvectors. For example, the first through
40th eigenvectors of the graph 22 may correspond to the basis
vectors stored in the storage 110. For example, the basis
vectors may have a predetermined dimension, and, thus, the
graph 22 shows the basis vectors according to dimension
indexes.

The storage 110 may store 40 basis vectors, and the weight
calculator 120 and the synthesizer 130 may calculate and
apply the weight by using 40 or fewer basis vectors according
to a user’s determination.

FI1G. 3 1s a diagram 1llustrating the beamforming apparatus
100 according to an exemplary embodiment. Referring to
FIG. 3, the beamiorming apparatus 100 includes a time delay
value applicator 105, the storage 110, a projector 115, the
weight calculator 120, and the synthesizer 130.

FIG. 3 illustrates the elements of the beamforming appa-
ratus 100 which are related to describing the present exem-

plary embodiment. However, the beamforming apparatus 100
may Turther include other elements 1n addition to the elements
shown 1n FIG. 3.

For example, the time delay value applicator 105, the pro-
jector 115, the weight calculator 120 and the synthesizer 130
in the beamforming apparatus 100 of FIG. 3 may be imple-
mented by one or more processors.

The beamforming apparatus 100 of FIG. 3 corresponds to
an exemplary beamforming apparatus 100 of FIG. 1 and 1s not
limited to the elements shown 1n FIG. 3. Also, an exemplary
embodiment described above with reference to FIG. 1 1s
applicable to the beamforming apparatus 100 of FIG. 3, and,
thus, the redundant description 1s omitted.

The beamforming apparatus 100 forms a reception beam
by using an echo signal reflected from a target object. For
example, the beamiorming apparatus 100 may perform cal-
culation as Equation 1 below.

M-l |Equation 1]
2= ) Wlnl-xp[n = Apln]]

=0

In Equation 1, z[n] may indicate a result of beamforming;

n may indicate a position 1n the depth direction;

M may 1ndicate the number of reception channels or recep-
tion sub-arrays;

w_[n] may indicate a beamforming coefficient;

x_[n] may indicate an echo signal;

A_[n] may indicate a time delay value; and

x_[n-A_[n]] may indicate a delayed echo signal.

For example, z[n] may indicate a result of beamiorming at
a position n of the target 1n a depth direction. The positionn in
the depth direction may be a focal point, and z[n] according to
the result of beamforming may indicate the reception beam
formed according to the result of the beamforming.

A value M may indicate the number of reception channels
involving the beamforming or the number of reception sub-
arrays involving the beamforming. Hereinafter, it 1s assumed
that M indicates the number of reception channels, and m
indicates an m” reception channel from among the M recep-
tion channels. However, M may indicate the number of recep-
tion sub-arrays, and m may indicate an m” reception sub-
array from among the M reception sub-arrays.

A value w_ [n] may indicate a beamforming coellicient to
be applied to an m” channel at the position n. Forexample, the
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6

beamiorming coetlicient may be an apodization window or a
weight, and the m” channel may be an m” transducer.

A value x_ [n] may indicate an echo signal that 1s reflected
at the position n and is received by the m” channel, and A, [n]
may indicate a time delay value that 1s compensated accord-
ing to a distance between the position n and a position of the
m™ channel, when a transmission signal or a reception signal
is transmitted between the position n and the m” channel.

Thus, a delayed echo signal x,_[n-A_[n]] may be an echo
signal that is reflected at the position n, is received by the m”
channel, and has the time delay value applied thereto.

The beamforming apparatus 100 may form one RF scan-
line by using echo signals with respect to a plurality of pieces
of channel data. The beamforming apparatus 100 may apply
the time delay value according to each channel to the echo
signal reflected from the target, in consideration of the posi-
tion n 1n the depth direction, may apply the weight to the echo
signal to which the time delay value 1s applied, may synthe-
s1ze echo signals to which the weight 1s applied, and accord-
ing to a result of the synthesis, the beamforming apparatus
100 may estimate a reception beam indicating an ultrasonic

signal retlected from the position n.
Equation 1 in a vector form 1s defined as Equation 2 below.

Zm]=WEm]-X n]=X\"[n] - Wn] [Equation 2]

In Equation 2, Z|n] may indicate a beamforming result,

W[n] may indicate a weight,

X .[n] may indicate an echo signal to which a time delay
value 1s applied,

an upper suifix H may indicate a Hermitian transpose, and

an upper sullix T may indicate a transpose.

As described above, the beamiorming apparatus 100 may
form the reception beam by applying the time delay value and
the weight to the echo signals reflected from the target. For
example, the beamiorming apparatus 100 decreases a dimen-
s1ion of a weight vector space, while the beamforming appa-
ratus 100 does not substantially affect resolution, and sub-
stantially decreases the computational amount. That 1s, the
beamiorming apparatus 100 calculates the weight by using a
plurality of basis vectors, so that the beamforming apparatus
100 may decrease the dimension of the weight vector space.
For example, a level of the resolution may correspond to a
level obtained according to a minimum variance technique.

The time delay value applicator 105 applies the time delay
values to the corresponding echo signals reflected from the
target. The corresponding time delay value according to the
present exemplary embodiment may be a time delay value for
compensating for an error due to a distance between a focal
point and a corresponding transducer.

This will now be described with reference to Equation 1.
The time delay value applicator 105 may output the delayed
echo signal x_[n-A_[n]] by applying the time delay value
A_[n]totheecho signal x [n]retlected from the target object.
In this manner, the echo signal to which the time delay value
1s applied by the time delay value applicator 105 may be
X [n] of Equation 2.

The storage 110 stores the basis vectors obtained from a
beamiorming coelficient of a previously-measured echo sig-
nal. For example, the basis vectors stored in the storage 110
may indicate a group of the basis vectors.

The projector 115 projects the echo signal, which 1s
reflected from the target object, on each of atleast some of the
basis vectors stored in the storage 110. For example, the echo
signal reflected from the target may be the echo signal X, to
which the time delay value 1s applied output from the time
delay value applicator 105.
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The number of the at least some of the basis vectors which
are projection targets by the projector 115 may be determined
by a user. In a case where 40 basis vectors are stored 1n the
storage 110, the projector 1135 projects the echo signal to
which the time delay value 1s applied on each of 40 or fewer
basis vectors according to a user’s determination.

The projector 1135 projects the echo signal on the basis
vectors by the number of basis vectors according to the user’s
determination, so that a dimension of the echo signal may be
decreased.

In more detail with respect to the projection performed by
the projector 115, the beamiforming result of Equation 2 may
be defined as Equation 3 below.

Z=X 1 Ww=xU'a [Equation 3]

In Equation 3, Z may indicate the beamforming result,

X, may indicate the echo signal to which the time delay
value 1s applied,

U may indicate the basis vectors,

c. may indicate the weight with respect to the basis vectors,
and

W may indicate the weight applied 1n the beamiorming
apparatus 100 which may be defined as a multiplication of U
by @, 1.e., a weighted sum of the basis vectors.

Also, Equation 3 may be defined as Equation 4.

Z=X Ut a=a! fUX\J=0 X\ Equation 4]

In Equation 4, X, ,, may indicate the echo signal to which
the time delay value 1s applied and which is projected on each
of the basis vectors U.

In more detail, U indicating the basis vectors may be
defined as Equation 3.

U=VVs ..., V] [Equation 3]

In Equation 5, U may indicate a group of the basis vectors,

V may indicate an eigenvector or the basis vector, and

r may mdicate the number of the basis vectors to be stored
according to the user’s determination.

In Equation 3, the basis vector V may function as a fixed
window.

Reterring to FIGS. 4 and §, the projected echo signal X, ,;
to which the time delay value 1s applied and which 1s pro-
jected on the basis vectors U may be generated by being
projected on the group of the basis vectors U.

As described above, the beamforming apparatus 100 may
perform beamiorming by multiplying the weight o by the
projected echo signal X ,,, to which the time delay value 1s
applied and which 1s projected on the basis vectors. In a case
where an echo signal of which sub-aperture 1s 32 1s projected
on 10 basis vectors, the degree of the echo signal 1s decreased
from 32 to 10, so that the computational amount performed to
calculate a weight may be substantially decreased.

For example, the projector 115 projects a steering vector on
cach of at least some of the basis vectors stored in the storage
110. For example, the number of the at least some of the basis
vectors which are projection targets by the projector 115 may
be determined by a user. Accordingly, the projector 115 may
output a modified steering vector. This will be described 1n
detail with reference to Equations 6 and 8.

As described above, 1n order to decrease the computational
amount with respect to the calculation of the weight, the
beamforming apparatus 100 may project the echo signal to
which the time delay value 1s applied to the basis vectors, may
project the steering vector to the basis vectors, and may cal-
culate the weight by using the projected echo signal and the
projected steering vector.
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The weight calculator 120 calculates the weight to be
applied to the echo signal reflected from the target object, by
using the basis vectors stored in the storage 110. For example,
the weight calculator 120 may calculate the weight by using
the echo signal projected by the projector 115.

In more detail, the weight calculator 120 may calculate the
weight by using Equation 6.

R} 11{ e |Equation 6]

¥y =
H -1
e Rﬁﬂem

In Equation 6, a may indicate the weight,

R ., may be a sample covariance matrix of X, ,,, and

¢, may indicate the modified steering vector.

When the weight calculator 120 calculates an inverse of the
sample covariance matrix R , ; , the weight calculator 120 may
perform a diagonal loading technique or an axial smoothing
technique to ensure stability.

In Equation 6, R, ,, may be defined by using Equation 7,
and e_ may be defined by using Equation 8.

RAv=E[XatXar'] [Equation 7]

In Equation 7, the sample covariance matrix R, ;, may be
defined as an expectation value with respect to a transpose of
the projected echo signal X, ,, and the projected echo signal
X For example, the sample covariance matrix R,,, in
Equation 7 may be obtained by processing X, ;- 1n units of
sub-arrays and then by reflecting an average value thereto.

e,,=Ue [Equation &]

rH

In Equation 8, the modified steering vector ¢, may be
obtained by projecting a steering vector € on the group of the
basis vectors U. For example, the steering vector e 1s used to
control a phase of a signal transmitted from the transducer to
the target object. Accordingly, when it 1s assumed that the
time delay value for beamforming 1s already applied to the
echo signal with respect to a direction, the steering vector ¢
may correspond to 1.

In this manner, the weight calculator 120 calculates the
weight by using the echo signal and the steering vector, which
are projected on the basis vectors by the projector 1135, so that
the computational amount may be substantially decreased.

The synthesizer 130 applies the weight to the echo signal
reflected from the target object, by using the basis vectors
stored 1n the storage 110, and synthesizes signals to which the
weight 1s applied, wherein the weight 1s calculated by the
weight calculator 120. For example, the synthesizer 13
applies the weight, which 1s calculated by the weight calcu-
lator 120, to the echo signal projected by the projector 115.

The weight application by the synthesizer 130 may be
performed by using Equations 3 and 4, in which the weight o
1s multiplied by the echo signal X, ;, to which the time delay
value 1s applied and which 1s projected on each of the basis
vectors, but 1s not limited thereto.

In this manner, the projector 115 projects the echo signals
to the basis vectors, and the synthesizer 130 applies the
weight to the projected echo signals, so that the beamforming
apparatus 100 may perform a multi-windowing operation on
the echo signal reflected from the target.

For example, the synthesizer 130 synthesizes the signals to
which the weight 1s applied. According to a result of the
synthesis by the synthesizer 130, as defined via Equations 1
and 2, a reception beam z or Z[n] that 1s formed in response to
the beamforming result may be output.
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By doing so, the beamforming apparatus 100 may perform
beamforming while the computational amount 1s substan-
tially decreased.

Hereinafter, the beamforming performed by the beam-
forming apparatus 100 will now be described 1n detail with
reference to a case 1n which an echo signal reflected from a
target 1s received by each of M channels. However, an exem-
plary embodiment 1s not limited thereto, and, thus, the echo
signal reflected from the target may be recerved by each of M
sub-arrays.

For example, an echo signal X reflected from the target
object may be defined by using Equation 9.

X=/X%, . - ., Xas]

In Equation 9, M may indicate a number of channels,

X, may 1ndicate an echo signal recerved by a first channel,

X, may indicate an echo signal received by a second chan-
nel, and

X ,, may indicate an echo signal received by an M” chan-
nel.

The time delay value applicator 105 applies a time delay
value A to the echo signal X reflected from the target object.
For example, an echo signal X, to which the time delay value
1s applied by the time delay value applicator 105 may be
defined by using Equation 10.

[Equation 9]

X=X A1 X o5 - - - X aagl [Equation 10])

In Equation 10, X, may indicate an echo signal received
by a first channel to which a time delay value Al 1s applied,

X ., may indicate an echo signal received by a second
channel to which a time delay value A2 1s applied, and)

X «»,may indicate an echo signal received by a M” channel
to which a time delay value AM 1s applied.

The storage 110 stores the basis vectors obtained from a
beamforming coelficient of a previously-measured echo sig-
nal. For example, the basis vectors stored in the storage 110
may indicate a group of the basis vectors, and the group of the
basis vectors U may be defined by using Equation 11.

U=vV,v, ..., V] [Equation 11]

In Equation 11, r may indicate a number of the stored basis
vectors,

V', may 1ndicate a first basis vector,

V, may indicate a second basis vector, and

V. may indicate an r” basis vector.

For example, a number of the stored basis vectors r may be
determined by a user and may be an integer equal to or greater
than 1 and less than or equal to a number of channels M.

The projector 115 projects the echo signal, which 1s
reflected from the target, on each of at least some of the basis
vectors stored in the storage 110.

For example, 1t 1s assumed that a user wants to perform
beamforming by using k basis vectors from among r basis
vectors stored in the storage 110. In this regard, k may be
determined by the user and may be an integer equal to or
greater than 1. For example, k may be equal to or less than a
number of the stored basis vectors r and less than a number of
channels M. That 1s, the number of basis vectors used 1n the
present exemplary embodiment 1s less than the number of
channels.

Accordingly, an echo signal X,,, to which a time delay
value 1s applied and which 1s projected on the k basis vectors
by the projector 115 may be defined by Equation 12, wherein
the k basis vectors are chosen from among the r basis vectors
stored 1n the storage 110.

Xpao=IXavXav - - - X vzl [Equation 12]
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In Equation 12, X, ;, may indicate an echo signal projected
on the first basis vector V,,

X A7 may mndicate an echo signal projected on the second
basis vector V,, and)

X 1, may indicate an echo signal projected on a k” basis
vector V.

Referring to Equations 10 and 12, the delayed echo signal
X, reflected from the target has an M dimension, but the
projected echo signal X, ,, projected by the projector 115 has
a k dimension. As described above, k 1s less than M, so that a
dimension of the echo signal may be decreased due to the
projection by the projector 115.

For example, the projector 115 projects a steering vector on
cach of at least some of the r basis vectors stored in the storage
110. A steering vector ¢, that 1s projected on k basis vectors
from among the r basis vectors stored in the storage 110, by
the projector 115, may be defined by using Equation 13.

€, =€ 1,€m2r -+« 1E€pi] [Equation 13]

In Equation 13, e_, may indicate a steering vector pro-
jected on the first basis vector V,,

e, , may indicate a steering vector projected on the second
basis vector V,, and

e . may indicate a steering vector projected on the k™ basis
vector V.

The weight calculator 120 calculates a weight by using the
echo signal and the steering vector that are projected by the
projector 1135. For example, the weight calculator 120 may be
defined by using Equation 14.

a~[a,’ar, . .. 0] [Equation 14]

In Equation 14, al may indicate a weight to be applied to
the echo signal that 1s projected on the first basis vector V,,

¢.2 may 1ndicate a weight to be applied to the echo signal
that 1s projected on the second basis vector V,, and

¢, may indicate a weight to be applied to the echo signal
that is projected on the k” basis vector V,.

For example, ., may be calculated by using X , ;. of Equa-
tion 12 and e, , of Equation 13.

The synthesizer 130 applies the weight o’ to the echo
signals to which the time delay value 1s applied and which are
projected on the basis vectors, respectively, and then synthe-
sizes signals to which weight o’ is applied.

For example, the synthesizer 130 applies the weight a” to
the echo signal X, ;- to which the time delay value 1s applied
and which 1s projected on the basis vectors, and a result of the
synthesis of the signals to which weight o.” is applied may be
defined by using Equation 15.

EITX&L;:EII TX3U1+[12TX&LQ+ - +[1kTXﬂler [E(:]_Uﬂtlﬂﬂ 15]

Accordingly, the result of the synthesis by the synthesizer
130 may correspond to the reception beam that 1s formed
according to the beamforming result.

In this manner, the beamforming apparatus 100 may per-
form beamforming with the decreased computational amount
while the resolution of the diagnostic 1mage 1s not compro-
mised.

FIG. 4 1s a diagram of a medical imaging system 400,
according to an exemplary embodiment. Referring to FIG. 4,
the medical imaging system 400 includes the beamforming
apparatus 100, one or more transducers 410, a diagnostic
image generator 420, a display 430, a storage 440, and an
output device 450.

The beamforming apparatus 100 of FIG. 4 corresponds to
an example of the beamforming apparatus 100 shown 1n
FIGS. 1 and 3, thus, exemplary embodiments described above
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with reference to FIGS. 1 and 3 are applicable to the medical
imaging system 400 of FIG. 4, and overlapping descriptions
are omitted.

The medical imaging system 400 according to the present
exemplary embodiment provides a diagnostic image of a
target. For example, the medical imaging system 400 displays
the diagnostic image indicating the target, or outputs a signal,
which corresponds to the diagnostic image of the target, to an
external device that displays the diagnostic image with
respect to the target. For example, the diagnostic image may
be an ultrasonic 1image but 1s not limited thereto.

The one or more transducers 410 exchange a signal with
ne target. The one or more transducers 410 may be one-
1mensional array-transducers but are not limited thereto and.,
1us, may be two-dimensional array-transducers or three-
1mensional array-transducers.

The one or more transducers 410 transmit a transmission
signal to the target and receive an echo signal reflected from
the target.

The beamforming apparatus 100 calculates a weight to be
applied to the echo signal retlected from the target, by using a
plurality of basis vectors obtained from a beamforming coet-
ficient of a previously-measured echo signal, applies the cal-
culated weight to the echo signal reflected from the target, and
synthesizes signals to which the weight 1s applied.

For example, the basis vectors obtained from the beam-
forming coelficient of the previously-measured echo signal
may be stored in the beamforming apparatus 100 or the stor-
age 440. Accordingly, the beamforming apparatus 100 may
perform beamforming by using at least a number of the stored
basis vectors. For example, the number of the basis vectors
may be determined by a user.

As described above, the beamforming apparatus 100 cal-
culates the weight by using the basis vectors, and applies the
weight to the echo signal, so that the beamforming apparatus
100 may perform beamforming with the decreased computa-
tional amount.

For example, the one or more transducers 410 and the
beamforming apparatus 100 may be included 1n a probe, but
this 1s not limiting. Thus, the beamforming apparatus 100
may be included i a main body of the medical imaging
system 400, and the one or more transducers 410 may be
included 1n the probe.

The diagnostic image generator 420 generates the diagnos-
tic 1mage by using signals output from the beamiorming
apparatus 100. The diagnostic 1image generator 420 may
include a digital signal processor (DSP) (not shown) and a
digital scan converter (DSC) (not shown). The DSP performs
a signal processing operation on the signals output from the
beamforming apparatus 100. The DSC performs scan conver-
s1on on 1mage data formed by using the signals on which the
signal processing operation 1s performed, and thus generates
the diagnostic image.

The display 430 displays the diagnostic image generated
by the diagnostic image generator 420. For example, the
display 430 may include output devices including a display
panel, a mouse, a liquid crystal display (LCD) screen, a
monitor, and the like that are arranged 1n the medical imaging
system 400.

However, the medical imaging system 400 may lack some
of the above devices, for example, the display 430. For
example, the output device 450 may output the diagnostic
image generated by the diagnostic image generator 420 to an
external display device (not shown).

The storage 440 stores the diagnostic image generated by
the diagnostic image generator 420, and data generated dur-
ing operations of the medical imaging system 400. The stor-
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age 440 may include a hard disk drive (HDD), a read-only
memory (ROM), a random access memory (RAM), a flash
memory, and/or a memory card.

The output device 450 may exchange data with an external
device via a wired or wireless network or wired serial com-
munication. For example, a network includes Internet, a local
area network (LAN), a wireless LAN, a wide area network
(WAN), a personal area network (PAN), or the like, but this 1s
not limited thereto. Thus, the network may include a different
type of a network capable of transmitting and receiving infor-
mation, and the external device may include another medical
imaging system which 1s located 1n a remote location, a
general-use computer system, a facsimile, or the like.

The storage 440 and the output device 450 may further
include 1image reading and searching functions and may be
formed as one ntegrated device such as a Picture Archiving
Communication System (PACS).

As described above, the beamforming apparatus 100 does
not demand the great computational amount 1n performing
beamiorming. Thus, the medical imaging system 400 may
generate a high-resolution diagnostic image 1n real-time.

FIG. 5 1s a flowchart illustrating a beamforming method,
according to an exemplary embodiment. Referring to FIG. 5,
the beamforming method includes operations that are pro-
cessed 1n chronological order by the beamiforming apparatus
100 or the medical imaging system 400 1llustrated in FIGS. 1,
3, and 4. Thus, although the features described above regard-
ing the beamforming apparatus 100 or the medical imaging
system 400 1llustrated in FIGS. 1, 3, and 4 are omitted here-
inafter, the features may be applied to the beamiorming
method of FIG. 5.

In operation 501, the weight calculator 120 calculates
weights to be applied to echo signals reflected from a target,
by using a plurality of basis vectors obtained from beamiorm-
ing coellicients of previously-measured echo signals.

In operation 502, the synthesizer 130 applies the weights
calculated in operation 501 to the echo signals reflected from
the target, and synthesizes the echo signals to which the
weilghts are applied.

As described above, according to one or more exemplary
embodiments, the beamiforming method may perform the
beamiorming to obtain a high-resolution diagnostic image in
real-time.

Also, according to one or more exemplary embodiments,
the computational amount in performing the beamiorming
for obtaining the high-resolution diagnostic 1image 1n real-
time may be substantially decreased.

Exemplary embodiments can be written as computer pro-
grams and can be implemented 1n general-use computers that
execute the programs using a computer-readable recording
medium. A data structure used 1n exemplary embodiments
can be written 1 a computer-readable recording medium
through various means. Examples of the computer-readable
recording medium 1nclude magnetic storage media (e.g.,
ROM, floppy disks, hard disks, etc.), optical recording media
(e.g., CD-ROMs, or DVDs), etc.

It should be understood that exemplary embodiments
described therein should be considered 1n a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each exemplary embodiment should
be considered as available for other similar features or aspects
in other exemplary embodiments.

The foregoing exemplary embodiments and advantages are
merely exemplary and are not to be construed as limiting. The
present teaching can be readily applied to other types of
apparatuses. Also, the description of the exemplary embodi-
ments 1s intended to be 1llustrative, and not to limit the scope
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of the claims, and many alternatives, modifications, and
variations will be apparent to those skilled 1n the art.

What 1s claimed 1s:

1. An ultrasound apparatus configured to acquire ultra-
sound signals as echo signals reflected from a target, the
ultrasound apparatus comprising: a transducer which
acquires the echo signals retlected from the target;

a storage which stores basis vectors obtained from beam-
forming coelficients of previously-measured echo sig-
nals:

a projector configured to project the acquired echo signals
on a k number of the basis vectors;

a weight calculator which calculates weights to be applied
to the echo signals reflected from the target, by using the
projected echo signals; and

a synthesizer which applies the weights to corresponding
echo signals reflected from the target, and synthesizes
the echo signals to which the weights are applied,

wherein the k number 1s equal to or greater than 1 and less
than a number of reception channels which receive the
echo signals reflected from the target.

2. The ultrasound apparatus of claim 1, wherein the syn-
thesizer applies the weights to the projected echo signals, and
synthesizes the projected echo signals to which the weights
are applied.

3. The ultrasound apparatus of claim 1, wherein the pro-
jector projects a steering vector on at least one of the basis
vectors,

the weight calculator calculates the weights by using the
projected echo signals and the projected steering vector,
and

the synthesizer applies the weights to the projected echo
signals, and synthesizes the echo signals to which the
weights are applied.

4. The ultrasound apparatus of claim 1, wherein the k

number 1s determined by a user.

5. The ultrasound apparatus of claim 1, wherein the storage
stores the basis vectors obtained by performing a principal
component analysis (PCA) on the beamiforming coelficients
ol the previously-measured echo signals.

6. The ultrasound apparatus of claim 1, wherein the syn-
thesizer applies a weighted sum to the echo signals reflected
from the target, and synthesizes the echo signals to which the
weighted sum 1s applied, and

the weighted sum 1s determined with respect to at least
some of the basis vectors.

7. A medical imaging system comprising;:

a transducer which acquires the echo signals reflected from
a target; a beamiorming apparatus which projects echo
signals reflected from a target on a k number of basis
vectors obtained from beamforming coetlicients of pre-
viously-measured echo signals, calculates weights to be
applied to the echo signals retlected from the target, by
using the projected echo signals, applies the weights to
the acquired echo signals, and synthesizes the echo sig-
nals to which the weights are applied; and

a diagnostic 1mage generator which generates a diagnostic
image by using signals output from the beamiorming
apparatus,

wherein the k number 1s equal to or greater than 1 and less
than a number of reception channels which receive the
echo signals reflected from the target.

8. The medical imaging system of claim 7, further com-

prising a storage which stores the basis vectors.

9. The medical imaging system of claim 7, wherein the k
number 1s determined by a user.
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10. The medical imaging system of claim 7, wherein the
beamiorming apparatus applies the weights to the projected
echo signals.

11. A beamiforming method of an ultrasound apparatus
configured to acquire ultrasound signals as echo signals
reflected from a target, the beamforming method comprising;:

acquiring the echo signals reflected from the target; pro-

jecting the acquired echo signals on a k number of basis
vectors obtained from beamforming coetlicients of pre-
viously-measured echo signals;

calculating weights to be applied to the echo signals

reflected from the target, by using the projected echo
signals;

applying the weights to the echo signals reflected from the

target; and

synthesizing the echo signals to which the weights are

applied,

wherein the k number 1s equal to or greater than 1 and less

than a number of reception channels which receive the
echo signals reflected from the target.

12. The beamiorming method of claim 11, wherein the
synthesizing comprises applying the weights to the projected
echo signals, and synthesizing the echo signals to which the
weilghts are applied.

13. The beamforming method of claim 12, further com-
prising projecting a steering vector on at least one of the basis
vectors,

wherein the calculating the weights comprises calculating

the weights by using the projected echo signals and the
projected steering vector.

14. The beamforming method of claim 11, wherein the k
number 1s determined by a user.

15. The beamiorming method of claim 11, wherein the
basis vectors are obtained by performing a principal compo-
nent analysis (PCA) on the beamforming coelficients of the
previously-measured echo signals.

16. The beamiorming method of claim 11, wherein the
synthesizing comprises applying a weighted sum to the echo
signals reflected from the target and synthesizing the echo
signals to which the weighted sum 1s applied,

wherein the weighted sum 1s determined with respect to at

least some of the basis vectors.

17. A non-transitory computer-readable recording medium
having recorded thereon a program which, when executed by
a computer, causes the computer to execute the beamiorming
method of claim 11.

18. A method of an ultrasound apparatus configured to
acquire ultrasound signals as echo signals reflected from a
target, the method comprising:

acquiring the echo signals reflected from the target; obtain-

ing basis vectors from beamiorming coelficients of pre-
viously-measured echo signals;
storing, 1n a storage, an r number of the obtained basis
vectors, the r number being greater than or equal to 1;

determiming a k number of the basis vectors, the k number
being smaller than the r number of the basis vectors
stored 1n the storage and smaller than an M number of
reception channels;

projecting the acquired echo signals reflected from the

target on the k basis vectors;

calculating weights based on the echo signals projected on

the k basis vectors;

applying the weights to the projected echo signals; and

synthesizing the weighted echo signals.

19. The method of claim 18, wherein the calculating com-
Prises:

projecting a steering vector on the k basis vectors; and
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calculating the weights by using the projected echo signals
and the steering vector, which have been projected on the
k basis vectors.
20. The ultrasound apparatus of claim 1, wherein the pre-
viously-measured echo signals are obtained by being 5

reflected from a same target as currently reflected echo sig-
nals to which the weights are being applied.
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